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(54) Lithographic projection apparatus 



(57) A llthograpiilc projection apparatus comprising 
a radiation system (LA.ExJL) for supplying a projection 
beam (PB) of electromagnetic radiation in the extreme 
ultraviolet (EUV) range, a support structure (MT) for 
supporting patterning means (MA), the patterning 
means serving to pattern the projection beam according 
to a desired pattern, a substrate table (WT) for holding 
a substrate (W) and a projection system (PL) for project- 
ing the patterned beam onto a target portion (G) of the 
substrate. A space (3) within the apparatus, which 
space contains a mirror (CM), Is supplied with a hydro- 



carbon gas which forms a protective cap layer on the 
mirror surface. The partial pressure of the hydrocarbon 
gas in the space is controlled in response to variations 
in the background pressure in the space and/or in the 
reflectivity of the mirror, such that the thickness of the 
cap layer on the mirror remains within an acceptable 
range. The partial pressure of hydrocarbon may be in* 
creased in order to sputter away the cap layer and/or, if 
extra multilayers are provided on the mirror, the top layer 
(s) of the mirror, thus providing a clean mirror surface. 
The hydrocarbon used may be an alcohol, in which case 
the cap layer formed is self-terminating. 
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Description 

[0001] The present invention reiates to a iithographic 
projection apparatus comprising: 

a radiation system for supplying a projection beam 

of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern the 
projection beam according to a desired pattern; 
a substrate table for holding a substrate; and 
a projection system for projecting the patterned 
beam onto a target portion of the substrate. 

[0002] The term "patterning means" as here em- 
ployed should be broadly interpreted as referring to 
means that can be used to endow an Incoming radiation 
beam with a patterned cross-section, corresponding to 
a pattern that is to be created in a target portion of the 
substrate; the term "light valve" can also be used in this 
context. Generally, the said pattern will correspond to a 
particular functional layer in a device being created in 
the target portion, such as an integrated circuit or other 
device (see below). Examples of such patteming means 
include: 

A mask. The concept of a mask is welt known in 
lithography, and it includes mask types such as bi- 
nary, altemating phase-shift, and attenuated 
phase-shift, as well as various hybrid mask types. 
Placement of such a mask in the radiation beam 
causes selective transmission (in the case of a 
transmissive mask) or reflection (in the case of a 
reflective mask) of the radiation impinging on the 
mask, according to the pattern on the mask. In the 
case of a mask, the support structure will generally 
be a mask table, which ensures that the mask can 
be held at a desired position in the incoming radia- 
tion beam, and that it can be moved relative to the 
beam if so desired. 

A programmable miror array. An example of such 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus Is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 
diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
the addressing pattern of the matrix-addressable 
surface. The required matrix addressing can be per- 
formed using suitable electronic means. More infor- 
mation on such mirror arrays can be gleaned, for 
example, from US 5,296,891 and US 5.523,193. 
which are incorporated herein by reference. In the 
case of a programmable mirror array, the said sup- 



to 



port structure may be embodied as a frame or table, 
for example, which may be fixed or movable as re- 
quired. 

A programmable LCD array. An example of such a 
construction is given in US 5,229,872, which is in- 
corporated herein by reference. As above, the sup- 
port structure in this case may be embodied as a 
frame or table, for example, which may be fixed or 
mov€U>te as required. 



For purposes of simplicity, the rest of this text may, at 
certain locations, specif ically direct itself to examples in- 
volving a mask and mask table; however, the general 
principles discussed in such instances should be seen 
15 in the broader context of the patterning means as here- 
above set forth. 

[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the patterning means may 

20 generate a circuit pattern corresponding to an individual 
layer of the IC. and this pattern can be imaged onto a 
target portion (e.g. comprising one or more dies) on a- 
substrate (silicon wafer) that has been coated with a lay- 
er of radiation-sensitive material (resist). In general, a 

25 single wafer will contain a whole network of adjacent tar- 
get portions that are successively irradiated via the pro- 
jection system, one at a time. In current apparatus, em- 
ploying patterning by a mask on a mask table, a distinc- 
tion can be made between two different types of ma- 

30 chine. In one type of lithographic projection apparatus, 
each target portion is irradiated by exposing the entire 
mask pattern onto the target portion in one go; such an 
apparatus is commonly referred to as a wafer stepper. 
In an alternative apparatus — commonly referred to as 

S5 a step-and-scan apparatus — each target portion is ir- 
radiated by progressively scanning the mask pattern un- 
der the projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning 
the substrate table parallel or anti-parallel to this direc- 

40 tion; since, in general, the projection system will have a 
magnification factor M (generally < 1), the speed V at 
which the substrate table is scanned will be a factor M 
times that at which the mask table is scanned. More in- 
formation with regard to lithographic devices as here de- 

45 scribed can be gleaned, for example, from US 
6,046,792, incorporated herein by reference. 
[0004] In a manufacturing process using a lithograph- 
ic projection apparatus, a pattern (e.g. in a mask) is im- 
aged onto a substrate that is at least partially covered 

50 by a layer of radiation-sensitive material (resist). Prior 
to this imaging step, the substrate may undergo various 
procedures, such as priming, resist coating and a soft 
bake. After exposure, the substrate may be subjected 
to other procedures, such as a post-exposure bake 

55 (FEB), development, a hard bake and measurement/in-: 
spection of the imaged features. This array of proce- 
dures is used as a basts to pattern an individual layer of 
a device, e.g. an IC. Such a patterned layer may then 
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undergo various processes such as etching, ion-implan- 
tation (doping), metailization, oxidation, chemo-me- 
chanical polishing, etc., all intended to finish off an indi- 
vidual layer. If several layers are required, then the 
whole procedure, or a variant thereof, will have to be 
repeated for each new layer. Eventually,. an array of de- 
vices will be present on the substrate (wafer). These de- 
vices are then separated from one another by a tech- 
nique such as dicing or sawing, whence the individual 
devices can be mounted on a carrier, connected to pins, 
etc. Further infonnation regarding such processes can 
be obtained, for example, from the book "Microchip Fab- 
rication: A Practical Guide to Semiconductor Process- 
ing", Third Edition, by Peter van Zant, McGraw Hill Pub- 
lishing Co., 1997, ISBN 0-07-067250-4, incorporated 
herein by reference. 

[0005] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. Tlie radiation system may also in- 
clude components operating according to any of these 
design types for directing, shaping or controlling the pro- 
jection beam of radiation, and such components may 
also be referred to below, collectively or singularly, as a 
"lens". Further, the lithographic apparatus may be of a 
type having two or more substrate tables (and/or two or 
more mask tables). In such "multiple stage" devices the 
additional tables may be used in parallel, or preparatory 
steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 
Twin stage lithographic apparatus are described, for ex- 
ample, in US 5,969,441 and WO 98/40791 , incorporat- 
ed herein by reference. 

[0006] In the case of the current invention, the projec- 
tion system will generally consist of an array of mirrors, 
and the mask will be reflective; see, for example, the 
apparatus discussed in WO 99/57596. The radiation in 
this case is preferably electromagnetic radiation in the 
extreme ultraviolet (EUV) range. Typically, the radiation 
has a wavelength below about 50 nm, preferably below 
about 20nm and most preferably below about 15nm. An 
example of a wavelength in the EUV region which is 
gaining considerable interest in the lithography industry 
is 1 3.4 nm, though there are also other promising wave- 
lengths in this region, such as 11 nm, for example. 
[0007] An example of the radiation system suitable for 
use with such radiation is described in WO 00/36471 . 
Such a radiation system may comprise a condenser 
suitable for use with EUV as described in EP 1037113. 
[0008] The source of EUV radiation is typically a plas- 
ma source, for example a laser-produced plasma or a 
discliarge source. The laser-produced plasma source 
may comprise water droplets, xenon or a solid target 
which is inradiated by a laser to generate EUV radiation. 
Examples of suitable laser-produced plasma sources 
are described In EP 1109427. A discharge source com- 



prises a plasma which is generated by a discharge be- 
tween two electrodes. Suitable examples of discharge 
sources include capillary discharge, plasma focus and 
Z-pinch-type sources, such as for instance those de- 
5 scribed in co-pending European Patent Applrcation No. 
01305671.8. 

[0009] A common feature of any plasma source is the 
inherent production of fast ions and atoms, which are 
expelled from the plasma in ail directions. These parti- 
te cles can be damaging to the collector and condenser 
minrors whfeh are generally multilayer mirrors, with frag- 
ile surfaces. This surface is gradually degraded due to 
the impact, or sputtering, of the particles expelled from 
the plasma and the lifetime of the mirrors is thus de- 
is creased. 

[001 0] The sputtering effect is particularly problematic 
for the collector mirror. The purpose of this mirror is to 
collect radiation which is emitted in all directions by the 
plasma source and direct it towards other mirrors in the 

20 illumination system. The collector mirror is positioned 
very close to, and in line-of-sight with, the plasma source 
and therefore receives a large flux of fast particles from 
the plasma. Other minrors in the system are generally 
damaged to a lesser degree by sputtering of particles 

25 expelled from the plasma since they may be shielded to 
some extent. 

[0011] A measure which has previously been used 
and which does address the problem of damage to the 

min-ors, is to reduce the impact of the particle flux on the 
30 mirrors using a background gas of helium to impede the 
particles by collisions. However, this type of technique 
cannot reduce the sputtering rate to an acceptable level 
whilst keeping the background pressure of helium low 
enough to ensure sufficient transparency to the radia- 
ns tion beam. An alternative method is therefore required 
to address this problem. 

[0012] It is an object of the invention to provide a lith- 
ographic projection apparatus comprising means for re- 
ducing the damage by fast ions, atoms or molecules to 
40 the mirrors contained in the radiation system, when the 
radiation source is a plasma source. It is a further object 
of the invention to provide a method with which said 
damage is reduced. 

[0013] According to the invention there is provided a 
45 lithographic projection apparatus as specified in the 
opening paragraph, characterized by: 

gas supply means for supplying a gaseous hydro- 
carbon to a space containing a mirror, 
so reflectivity sensor means for monitoring the reflec- 
tivity of said mirror and/or pressure sensor means 
for monitoring the background pressure in said 
space; and 

control means for controlling said gas supply means 
55 . in response to the reflectivity and/or background 
pressure measured by said reflectivity and/or pres- 
sure sensor means respectively. 
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[0014] It is known that the presence of hydrocarbon 
molecules In a chamber containing mirrors will lead to 
a hydrocarbon cap layer forming on the surface of the 
mirrors. Although this cap layer has previously been 
used to advantage in protecting mirrors against chemi- s 
cal attack, for example oxidation, the cap layer is fre- 
quently seen as disadvantageous since it reduces the 
reflectivity of the mirror. 

[001 5] The inventors have now discovered that a cap 
layer on a mirror surface can be used to protect the mir- 
ror from sputtering damage caused by fast ions and at- 
oms expelled from a plasma source. Where hydrocar- 
bons are added to a space containing a mirror, they 
physically or chemically adsorb to the surface of the mir- 
ror and thus form a protective layer on the surface. This 
surface layer is made up of the hydrocarbon molecules 
and possibly other contaminant particles present in the 
system as impurities, together with any further mole- 
cules which are introduced into the system fi-om the gas 
supply. When the fast ions and atoms produced by the 
plasma hit the surface of the mirror, they contact the pro- 
tective layer thereby dislodging the hydrocarbon mole- 
cules from the cap layer, and damage to the mirror sur- 
face Itself is. avoided. 

[0016] However, if a cap layer is to be used for this 
purpose, several problems must be overcome. Firstly, 
the cap layer is gradually destroyed by sputtering and 
once it has been eroded, damage to the mirror surface 
will occur. Secondly, if the cap layer is too thick, the re- 
flectivity of the mirror is decreased to an unacceptable 
level and the efficiency of the projection apparatus is re- 
duced. 

[0017] In order to overcome these problenns, the 
present inventors have used a dynamk; cap layer. This 
is a cap layer which Is continually sputtered away and 
replaced with further molecules and thus the thickness 
of the layer remains substantially constant or within an 
acceptable range. In order to achieve this the reflectivity 
of the mirror and/or the background pressure of the 
space are monitored. If the reflectivity of the min-or de- 
creases too much due to the cap layer growing too thick, 
the pressure of hydrocarbon gas in the space is de- 
creased, thereby allowing part of the cap layer to be 
sputtered away. The thinner cap layer produced thus 
provides an increased reflectivity level. Conversely, if 
the cap layer becomes too thin, holes may be produced 
in the layer due to sputtering and thus exposing the mir- 
ror surface. In this case, the pressure of hydrocarbon 
gas in the space is Increased in order to ensure the cap 
layer is retained. By careful tuning of the hydrocarbon 
pressure, a steady state can be achieved whereby the 
growth of the hydrocarbon cap layer is equal to the de- 
struction of the cap layer due to the plasma particulate 
emissions. 

[0018] The present invention therefore provides a lith- 
ographic projection apparatus in which the lifetime of the 
mirrors Is prolonged whilst retaining the efficiency of the 
system since a high level of reflectivity of the mirrors is 



retained. 

[001 9] The invention also relates to a method of man- 
ufacturing a device using a lithographic projection ap- 
paratus comprising the steps of: 

providing a substrate that is at least partially cov- 
ered by a layer of radiation-sensitive material; 
providing a projection beam of radiation using a ra- 
diation system; 

using patterning means to endow the projection 
beam with a pattern in its cross-section; 
projecting the patterned beam of radiation onto a 
target portion of the layer of radiation-sensitive ma- 
terial, 

characterized by the steps of: 

supplying a gaseous hydrocarison to a space con- 
taining a mirror; 

monitoring the reflectivity of said mirror and/or mon- 
itoring the background pressure in said space; and 
controlling the amount ot gaseous hydrocarbon 
supplied to said space in response to the reflectivity 
of said mirror and/or the background pressure of 
said space. 

[0020] In an embodiment of the method, said mirror 
may comprise at least 40 multilayers and the method 
further comprises the step of adapting the amount of 
gaseous hydrocarbon supplied to the space such that 
the top layer(s} of said mirror are removed through sput- 
tering. 

[0021] The inventors have found that this method, 
which is based on the control of the thickness of a dy- 
namically growing cap layer, can be used to prolong the 
lifetime of the mirrors. When this method is used, the 
thickness of the cap layer which forms on the mirror can 
be controlled in response to the measured reflectivity of 
the mirror or the background pressure in the space. For 
example, once the reflectance of the mirror is too low. 
the pressure in the chamber is decreased, thus decreas- 
ing the thickness of the dynamic cap layer due to a rel- 
ative increase of the sputtering rate. This has the effect 
of removing the cap layer and/or the top mirror layer(s) 
and providing a clean min'or surface. If the multilayer 
mirror is provided with extra mirror layers, which would 
not significantly add to the reflectivity, one may even 
sputter some of its top layers away without significantly 
deteriorating its reflectivity. Sputtering of the top layers 
can be carried out several times before the mirror needs 
to be replaced. In this case it Is preferable that the re- 
flectivity of the mirror is monitored and more preferable 
that both the reflectivity and the background pressure 
are monitored. 

[0022] This method therefore provides that mirror life- 
times are increased and further provides that constant 
and precise monitoring of the pressure of the gases add- 
ed to the system is not vital. 
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[0023] The invention further relates to a method of 
manufacturing a device characterized by supplying a 
gaseous alcohol to a space in said illumination system, 
which space contains a mirror. 

[0024] It has previously been found that the introduc- 
tion of ethanol into a projection apparatus leads to the 
formation of a self-terminating cap layer on a surface. 
ThuSj once the maximum thickness of the ethanol cap 
layer is reached, it will not increase over time despite 
continued application of a partial pressure of ethanol. 
This has been reported in the context of the protection 
of projection optics from oxidation due to presence of 
water and EUV radiation. Altematively, the thickness of 
the cap layer is also limited when, simultaneous to the 
introduction of ethanol, the mirror Is exposed to an oxi- 
dizing agent like oxygen, water, etc. In combination with 
ultraviolet radiation, carbon from the cap layer is oxi- 
dized and removed from the surface. Eventually only a 
relatively thin cap layer is fonmed. However, the present 
inventors have applied the above described methods to 
the present Invention and found that the use of an alco- 
hol such as ethanol as the hydrocarbon for Introduction 
into the space containing a mirror Is particularly advan- 
tageous. The alcohol cap layer provides all of the ad- 
vantages of the present invention, in particular the pro- 
tection of the mirror surface and the retention of the ef- 
ficiency of the apparatus due to the reflectivity of the mir- 
ror being retained, but also has the advantage that care- 
ful monitoring of the background pressure of alcohol is 
not necessary. 

[0025] Although specific reference may be made In 
this text. to the use of the apparatus according to the 
invention In the manufacture of ICs, it should be explb- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
In the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, In the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general tenns 
"mask", "substrate" and "target portion", respectively. 
[0026] The invention and its attendant advantages will 
be further described below with reference to exemplary 
embodiments and the accompanying schematic draw- 
ings, in which: 

Figure 1 depicts a lithographic projection apparatus 
according to the invention; and 
Figure 2 depicts the radiation system of a litho- 
graphic projection apparatus according to the in- 
vention. 

[0027] In the figures, like parts are described by like 
references. 

[0028] In the following description, the invention is de- 
scribed using a reference system of orthoganol X, Y and 



Z directions. 
Embodiment 1 

5 [0029] Figure 1 schematically depicts a lithographic 
projection apparatus according to a particular embodi- 
ment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection 
beam PB of radiation (e.p. EUV radiation). In this 
particular case, the radiation system also compris- 
es a radiation source LA; 

a first object table (mask table) MT provided with a 
mask holder for holding a mask MA {e.g. a reticle), 
and connected to first positioning means PM for ac- 
curately positioning the mask with respect to item 
PL; 

a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W (a 
p. a reslst-coated silicon wafer), and connected to 
second positioning means PW for accurately posi- 
tioning the substrate with respect to item PL; 
a projection system ("lens") PL {e,g. a mirror group) 
for imaging an irradiated portion of the mask MA on- 
to a target portion C (e.g. comprising one or more 
dies) of the substrate W. 

As here depicted, the apparatus Is of a reflective type 
{i.e. has a reflective mask). However, in general, it may 
also be of a transmissive type, for example (with a trans- 
missive mask). Alternatively, the apparatus may employ 
another kind of patteming means, such as a program- 
mable mirror array of a type as referred to above. 
[0030] The source LA {e.g. a laser-produced plasma 
source or a discharge source) produces a beam of ra- 
diation. This beam is fed into an illumination system (il- 
luminator) IL, either directly or after having traversed 
conditioning means, such as a beam expander Ex, for 
example. The illuminator IL may comprise adjusting 
means AM for setting the outer and/or in ner radial extent 
(commonly referred to as o-outer and o-inner, respec- 
tively) of the intensity distribution in the beam. In addi- 
tion, it will generally comprise various other compo- 
nents, such as an integrator IN and a condenser CO. In 
this way, the beam PB impinging on the mask MA has 
a desired unifonmity and intensity distribution in its 
cross-section. 

[0031] It should be noted with regard to Figure 1 that 
the source LA may be within the housing of the litho- 
graphic projection apparatus (as is often the case when 
the source LA is a mercury lamp, for example), but that 
it may also be remote from the lithographic projection 
apparatus, the radiation beam which it produces being 
led Into the apparatus (e.g. with the aid of suitable dl- 
55 recting mirrors); this latter scenario Is often the case 
when the source LA is an exclmer laser. The current in- 
vention and Claims encompass both of these scenarios. 
[0032] The beam PB subsequently intercepts the 
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mask MA, which is held on a mask table MT Having 
traversed the mask MA, the beam PB passes through 
the lens PL, which focuses the beam PB onto a target 
portion C of the substrate W. With the aid of the second 
positioning means (and Interferometric measuring s 
means IF), the substrate table WT can be moved accu- 
rately, e.g. so as to position different target portions C 
In the path of the beam PB. Similarly, the first positioning 
means can be used to accurately position the mask MA 
with respect to the path of the beam PB, e.g. after me> 
chanlcal retrieval of the mask MA from a mask library, 
or during a scan. In general, movement of the object ta- 
bles MT, WT will be realized with the aid of a long-stroke 
module (course positioning) and a short-stroke module 
(fine positioning), which are not explicitly depicted in Fig- 
ure 1 . However, in the case of a wafer stepper (as op- 
posed to a step-and-scan apparatus) the mask table MT 
may just be connected to a short stroke actuator, or may 
be fixed. 

[0033] The depicted apparatus can be used in two dif- 
ferent modes: 

1. In step mode, the mask table MT is kept essen- 
tially stationary, and an entire mask image is pro- 
jected in one go (/,e. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 
the X and/or y directions so that a different target 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single 'flash". Instead, the mask table 
MT is movable in a given direction {the so-called 
"scan direction", e.g. the y direction) with a speed 
v, so that the projection beam PB Is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed V= Mv, in which M is the 
magnification of the lens PL (typically, M = 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

[0034] Figure 2 schematically depicts the radiation 
system LA, IL in more detail. The source LA, as de- 
scribed with reference to Figure 1, for supplying a pro- 
jection beam PB of radiation Is contained within a cham- 
ber 3, together with a collector mirror CM. The radiation 
produced by the source is reflected off the collector mir- 
ror CM and directed, as a beam PB, towards the various 
other optical components comprised In the Illumination 
system IL as described above. Some of the optical com- 
ponents in the illumination system as here depicted are 
not contained within the chambers. However, some or 
all of the optical components of the illumination system 
IL may be contained within the chamber 3 in addition to 
the collector mirror CM. 

[0035] The chamber 3 comprises gas supply means 
for supplying gaseous hydrocarbon, for example an al- 



cohol such as ethanol, to the chamber, said means com- 
prising a supply of the required hydrocarbon 6. which 
may be a cylinder of pressurized gaseous or liquid hy- 
drocarbon, and an inlet 2 which comprises a valve. The 
partial pressure of the hydrocarbon in the chamber may 
be controlled by means of said valve. The chamber may 
also comprise pressure sensor means 5 for monitoring 
the background pressure in the chamber, and/or reflec- 
tivity sensor means 7 for monitoring the reflectivity of the 
collector mirror CM. Preferably, the chamber comprises 
both pressure and reflectivity sensor means 5 and 7. 
The reflectivity sensor means may monitor the reflectiv- 
ity of the mirror by measuring the beam intensity along 
the projection beam PB or by directly measuring the re- 
flectivity of the collector mirror. 

[0036] In a specific case of the current invention, the 
source LA Is a plasma source which produces a beam 
of EUV radiation PB. The plasma source also expels, in 
all directions, fast atoms and ions 8 and these emitted 
particles may come into contact with the various optical 
components in the chamber, in particular the collector 
mirror CM. 

[0037] A hydrocarbon is introduced into the chamber 
3 via the inlet 2 and hydrocarbon molecules adsorb to 
the surface of the mirror CM, thus fonming a cap layer 
on the mirror CM. This cap layer is gradually eroded due 
to the Impact with, or sputtering by, the fast atoms and 
ions produced by the plasma source. By adjusting the 
amount of hydrocarbon which is introduced into the 
chamber 3 via inlet 2, the cap layer is allowed to grow 
at approximately the same rate at which It Is sputtered 
away. 

[0038] The required amount of hydrocarbon can be 
determined using pressure and/or reflectivity sensor 
means 5 and 7. For example, if pressure sensor means 
5 indicates that the pressure in the chamber is too low, 
the cap layer will be growing more slowly than it is sput- 
tered away and the amount of hydrocarbon introduced 
into the chamber should be increased. Further, if i^eflec- 
tivity sensor means 7 indicate that the reflectivity has 
decreased, the cap layer will be growing more quickly 
than it is sputtered away and the amount of hydrocartson 
introduced Into the chamber should be decreased until 
the reflectivity once again reaches an acceptable level. 
It is preferable that the cap layer grows at least as quick- 
ly as It is sputtered away to ensure protection of the sur- 
face of the mirror CM. The most preferable situation is 
a steady -state, wherein the growth of the layer is equal 
to the rate at which It Is sputtered away. 

Embodiment 2 

[0039] In a second embodiment of the invention, 
which is the same as the first embodiment except as 
described below, the hydrocarbon introduced into the 
chamber is an alcohol, preferably ethanol. In this case, 
ethanol is generally supplied at a substantially constant 
pressure and a self-temrilnatlng cap-layer may form on 
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the collector mirror CM. The rate at which ethanol is in- 
troduced into the chamber must be sufficient to provide 
a partial pressure of ethanol In the chamber which al- 
lows the molecules which are sputtered away from the 
cap layer to be replaced quickly. 5 
[0040] The minimum required partial pressure of eth- 
anol which must be supplied to the chamber is depend- 
ent on the flux of harmful particles (e.g. xenon (Xe)) to- 
wards the mirror. The maximum flux of harmful xenon 
particles r^" can be calculated as follows: 

Xb 

yjnax _ ^Xe ^ focus f 

With nxe the average xenon atom density (typically 
2x1 m-3), Vjocus the volume of the focus (0.025mm"3) 
of the laser beam, f^^ the repetition rate of thje source 
(6kHz) and d the distance between the plasma and the 

mirror. 

[0041] The molecular flux of ethanol r^,/, towards the 
mirror can be calculated as follows: 

r =1 / Q^bT' 

[0042] With Pqj^ the partial pressure of ethanol, kg the 
Boltzmann constant, T the absolute temperature and 
Meth the mass of ethanol. Based on the assumption that 
for every xenon ion or atom to hit the mirror surface a 
single ethanol molecule will be expelled from the cap 
layer, and only 0.01% of ethanol molecules adsorb to 
the mirror surface, in order to prevent the ethanol layer 
from being sputtered away, lO-^Feij, must be greater 
than the xenon flux. Therefore for example, when the 
distance, d, between the plasma and the mirror is at 
least 10cm, the partial pressure of ethanol must be at 
least 1 0-2 mbar. 

[0043] However, If it is assumed that more than 
0.01 %, for example 1 00%, of ethanol molecules adsorb 
to the mirror surface, a lower partial pressure of ethanol 
may be used. In this case, for example, a partial pres- 
sure of ethanol of at least 1 0'^ mbar is required at a dis- 
tance, d, of at least 10cm. 

[0044] Ideally in this embodiment, a specific partial 
pressure of ethanol is selected and this pressure is ap- 
plied at a substantially constant rate. In this way, moni- 
toring of the pressure and reflectivity is not required. 
However, it Is preferred that the pressure and/or the re- 
flectivity, preferably both, are in any case monitored as 
described in Embodiment 1 and adjustments to the par- 
tial pressure can be made if required. The monitoring of 
the partial pressure may however be less frequent and 
less accurate than when hydrocarbons other than an al- 
cohol are used. 



Embodiment 3 

[0045] in a third embodiment of the invention, which 
is the same as the first embodiment except as described 
below with reference to Figure 2, the mirror CM is a mul- 
tilayer mirror. The multilayer mirror CM has at least 40 
layers, preferably at least 50 layers and most preferably 
at least 60 layers. 

[0046] The system comprises gas supply means 6 for 
supplying a hydrocarbon gas, although it is envisaged 
that gases other than hydrocarbons may also be used. 
Said means comprises a source of the required gas 6 
and an inlet 2. Gas is supplied to the chamber 3 and the 
partial pressure of the gases in the chamber may be 
monitored via the sensor 5. The pressure of the gas in 
the system is kept high enough so that the cap layer of 
gaseous particles, which fonms on the multilayer mirror 
CM, does not erode overtime. 

[0047] Reflectivity sensor means 7 is used to deter- 
mine when the reflectance of the multilayer mirror de- 
creases, due to the cap layer on the mirror becoming 
too thick. When this occurs, the pressure of the gas in 
the chamber can be decreased, thus causing the sput- 
tering rate to increase. An Increase in sputtering rate 
causes the top layer or layers of the multilayer mirror to 
be removed, together with the cap layer. The gas pres- 
sure in the system is then increased again to prevent 
further layers from being removed, 
[0048] Although this embodiment only describes mul- 
tilayer mirrors, it is not Intended to limit the invention. 
One alternative is a grazing incidence mirror - mirrors 
onto which radiation is directed at jan angle smaller than 
about 20 degrees - which do not necessarily comprise 
multilayers, but can be manufactured of a single metal 
layer. Such mirrors degrade as well when exposed to 
the atoms and ions generated by the euv radiation 
source. The same methods can also be applied to these 
mirrors. 

[0049] Whilst we have described above specific em- 
bodiments of the invention it will be appreciated that the 
invention may be practiced otherwise than described. 
The description is not intended to limit the invention. 



Clalnns 

1. A lithographic projection apparatus comprising: 

a radiation system for supplying a projection 
beam of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern 
the projection beam according to a desired pat- 
tern; 

a substrate table for holding a substrate; and 
a projection system for projecting the patterned 
beam onto a target portion of the substrate; 
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characterized by: 

gas supply means for supplying a gaseous hy- 
drocarbon to a space containing a mirror; 
reflectivity sensor means for monitoring the re- 
flectivity of said mirror and/or pressure sensor 
means for monitoring the background pressure 
in said space; and 

control means for controlling said gas supply 
means in response to the reflectivity and/or 
background pressure measured by said reflec- 
tivity and/or pressure sensor means respec- 
tively. 

2. An apparatus according to claim 1 , wherein the ra- 
diation system contains said space containing the 
mirror. 

3. An apparatus according to claim 1 or 2, wherein the 
radiation system comprises a laser-produced plas- 
ma source or a discharge source adapted to supply 
a beam of extreme ultraviolet (EUV) radiation as 
said projection beam. 

4. An apparatus according to claim 3, wherein said 
beam of extreme ultraviolet radiation has a wave- 
length of less than about 50nm. 

5. An apparatus according to claim 4, wherein said 
beam of extreme ultraviolet radiation has a wave- 
length in the range of from 8 to 20nm, especially 9 
to 1 6 nm. 

6. An apparatus according to any one of the preceding 
claims, wherein the hydrocarbon is an alcohol. . 

7. An apparatus according to claim 6. wherein the al- 
cohol is ethanol. 

8. An apparatus according to any one of the preceding 
claims wherein the mirror is a collector mirror 



supplying a gaseous hydrocarbon to a space 
containing a mirror; 

monitoring the reflectivity of said mirror and/or 
monitoring the background pressure in said 
5 space; and 

controlling the amount of gaseous hydrocarbon 
supplied to said space in response to the re- 
flectivity of said mirror and/or the background 
pressure of said space. 

10 

10. A method according to claim 9, wherein the hydro- 
carbon is an alcohol. 

11 . A method according to claim 10, wherein the alco- 
15 hoi is ethanol. 

12. A method according to any one of claims 9 to 11, 
wherein said mirror comprises at least 40 multilay- 
ers and wherein the method further comprises the 

20 step of adapting the amount of gaseous hydrocar- 
bon supplied to the space such that the top tayer(s) 
of said mirror are removed through sputtering. 

13. A method of manufacturing a device using a litho- 
25 graphic projection apparatus comprising the steps 

of: 

providing a substrate that is at least partially 
covered by a layer of radiation-sensitive mate- 
30 rial; 

providing a projection beam of radiation using 
a radiation system; 

using patterning means to endow the projection 
beam with a pattern In Its cross-section; 
35 projecting the patterned beam of radiation onto 

a target portion of the layer of radiation-sensi- 
tive material, 

characterized by supplying a gaseous alco- 
40 hoi to a space in said radiation system, which space 
contains a mirror. 



9. A method of manufacturing a device using a litho- . 
graphic projection apparatus comprising the steps 
of: 45 

providing a substrate that is at least partially 
covered by a layer of radiation-sensitive mate- 
rial; 

providing a projection beam of radiation using 50 
a radiation system; 

using patterning means to endow the projection 
beam with a pattem in its cross-section; 
projecting the patterned beam of radiation onto 
a target portion of the layer of radiation-sensi- 55 
tive material, 



14. A method according to claim 13, wherein the alco- 
hol forms a cap layer on said mirror and wherein 
alcohol is supplied to said space at a pressure ef- 
fective to achieve a thickness of said cap layer 
whrch does not increase substantially over time. 

15. A method according to claim 13 or 14, wherein the 
alcohol is ethanol. 



characterized by the steps of: 
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